Ashman,13' 14 were based explicitly on extensive rotations of the heart about two or three anatomic axes.
In spite of the autopsy study by Grant, in 1953 , demonstrating that rotations of the heart around its longitudinal axis rarely occur, '5 textbooks of electrocardiography continue to explain many electrocardiographic changes in normal and hypertrophied hearts on the basis of rotations,9-12' 16-18 and the current literature contains literal inferences of anatomic position from the electrocardiogram. 19 We therefore undertook to study in living subjects: (1) the extent of rotations of the heart occurring spontaneously, and (2) the correlation of these rotations with the mean electric axis in the frontal plane, and with the location of the QRS transition zone in the precordial electrocardiogram.
Material and Method
Fifty-three patients were selected from a series of 100 consecutive cases undergoing selective angiocardiography at the pediatric clinic of the Karolinska Sjukhuset, Stockholm. The remaining patients were excluded prior to knowledge of the electrocardiographic data, because of inadequate filling of one of the ventricles. The ages ranged from 1 to 18 years, with an average of 7.3 years. Because all but two of the patients had congenital heart disease, right ventricular hypertrophy was frequent. Table 1 gives the ages and diagnoses of the patients included in this study. Only one of the 53 individuals demonstrated right bundle-branch block with QRS of over 0.11 second, and 5 additional patients showed a QRS duration of just 0.10 second. Nine subjects had GUNTHEROT7H, OVENFORS, IKKOS CTPV  VSD  VSD  PDA + AS  PF  ASD  ASD  VSD  VSD + PFO  VSD + PS  IPS  VSD  VSD  IPS  VSD  TRUNCUS A  VSD  VSD   TGV  IPS  VSD  PVO, 1°T  F  VSD + PDA  VSD  COARCT  PS, ASD, TS  IPS  TF   COARCT   A-V COM  PA STEN  TF   COARCT   TF   PS INF  PDA + COARCT   TF   PS INF  VSD + PS  NO HD  NO HD  VSD  AS, aortic stenosis;   Age   18   15  10  9  5  5   4  3  1  1  8  1  2  3  3  2  4  11  10  8  9  6  9  10  3  1  16  5  3  10  12  11  10   5   1   13  9  10  10  6  9  6  10   7  3  8  10  2  2  18  9  12  7 ASD, +50  +30  +50  +50  +45  +30  +40  +15  +50  +50  +50  +20  +35  +35  +40  +45  +35  +35  +45  +45  +70   +65   +60  +95  +50  +30  +50  +70  +40  +55  +20  +40  +55  +40  +50  +55  +40   +55  +40  +80  +25  +50  +30  +45  +50  +25  +45  +55  +50  +45  +50  defect, 2 ). These definitions conform to the terminology for the mean electric axis. The plane of the interventricular septuni was identified in both projections by the area of overlap of the two ventricular outlines. (When the septum was completely parallel to the frontal plane, it was evident as the narrow area separating the two ventricular outlines in the lateral view.) This plane, usually vertical, was projected toward the chest wall, and an estimate was made of the intersection of the septal plane with a line joining the conventional precordial electrode positions. The point of intersection was designated in terms of the nearest electrode position, to facilitate comparison with the location of the transition zone of the precordial electrocardiogram. Precise localization of the intersection of the septal plane and the thoracic wall was possible only when the septum was completely parallel to one of the two views.
Rotation of the septal plane could ordinarily be seen better from the lateral views. When the septal plane was completely vertical, septal rotation around its longitudinal axis was defined as zero degrees. Viewed from the apex of the heart, clockwise rotation was recorded in positive degrees, and counterclockwise rotation in negative degrees. Precision was limited by the geometry of the septum, a curved plane usually convex anteriorly. (In instances of marked right ventricular hypertrophy, however, the septum mayv be convex posteriorly).
In 28 patients, precordial electrodes from positions V4, through V7 were left in place after the conventional electrocardiogram was taken in the supine position, and "scout films" were taken in the two projections used for angiocardiographs, Circulation, Volume XXIII, January 1961 in the same position and on the same film-changer.
In the remaining subjects, the electrode positions were deduced from thoracic landmarks ( fig. 2) .
The electrocardiograms were recorded on 5-inch photographic paper, at fast speeds, two to four leads simultaneously. The mean electrical axis was calculated from the standard limb leads I and III, by means of the Einthoven equilateral triangle. The QRS transition zone was designated as the precordial electrode position or positions at which it was recorded. (In all subjects, this zone lay between the positions V1, to V7). In addition, the first electrode positions were identified, which were definitely "right ventricular" type and "left ventricular" type, according to the definitions of Wilson.7 Results The anatomic axis in the frontal plane ranged from +15 to +953, with an average of +450, and two standard deviations included ±290. The mean electric axis, however, ranged a full 3600, with an average of +800, and two standard deviations of ±1250. The correlation coefficient for the anatomic and electric axes was found to be far below values generally considered significant.* A possible reason for poor correlation between anatomic and electric axes in the frontal plane is the rotation of the heart around its longitudinal axis. Therefore, the direction of the mean electric axis was compared with the degree of rotation of the septum. The septum showed relatively little rotation on its long axis, with an average position of +70 (slight clockwise rotation as viewed from the apex of the heart), and two standard deviations were included by ±210. The plane was deduced from the intersection of the septal plane with the line joining the conventional precordial electrode positions. The anatomic position of the septum was identified in terms of the precordial electrode position nearest to this point of intersection. The mean position occurred between V4 and V5, and two standard deviations were included between V3 and V6. Electrically, the QRS transition zone occurred at V3, for the mean, and two standard deviations were included between V1 and V5. The midpoint of each transition zone was correlated with the corresponding anatomic septal projection, resulting in a coefficient not significantly different from a random relationship (r = .040, p > .05). Similarly, correlating the first electrode position showing a "left ventricular pattern" with the first electrode anatomically over the left ventricle, failed to reveal a significant interdependence between these anatomic and electric variables. Similar results were found for the right ventricle.
The intersection of the septal plane with the thorax was correlated with the direction of the mean electric axis in the frontal plane.
Circulation, Volume XXIII, January 1961 The values indicated no important relationship between these variables (r = .034, p > .05).
One negative correlation was found that has important implications. When Groedel and Monckeberg as an explanation for the divergence of the mean electric axis in the frontal plane from the anatomic position of the heart ill that plane.3 These authors based their contention on a single autopsied case, in which they apparently mistook the normal anterior position of the right ventricle for cloekwise rotation around the longitudinal axis. The excellent animal experiments by Boden and Neukirch4 that followed were used as a basis for extrapolation to human electrocardiograms by literally generations of writers without demonstration of these rotations in human subjects, although the extent of rotations implied was considerable. Several authors even postulated that clockwise rotation could be so extreme that parts of the left ventricle would be subjacent to electrode V1 17, 22, 23 Schwedel, in 1948, using posteroanterior radiograms of the chest, concluded that rotations around the longitudinal axis of the heart actually are quite limited in degree, usually less than 15',24 which is in good agreement with the findings of Grant'5 and of our own study. In animal experiments. Schweizer found that rotations within these limits produced no significant change in the mean electrical axis in the frontal plane. 25 Rotation of the heart on its longitudinal axis was also assumed to explain various electrical phenomena of the precordial electrodes. Wilson introduced "electric positions," based upon resemblance of the "unipolar" limb leads VL and VF with the right and left precordial leads, to account for variations in the mean electric axis of the limb leads of normal subjects with normal precordial electrocardiograms:`. . . in normal subjects with right axis deviation, the poten- Heart Association). The heart was pierced with a steel rod in the plane of the septum, to approximate the anatomic axis. The left humerus was removed, and its attachmentwas left to assist in the visualization of the solid angle subtended by the heart from the position of lead VL. The heart model is shown in maximal clockwise rotation in the frontal plane, maximal clockwise rotation around the longitudinal axis, and the median position for rotation in the transverse plane,* with respect to our 53 subjects, based upon two standard deviations. It is apparent that even with these extreme rotations, lead V,, does not "see " more of the right ventricle than the left, a condition required by Wilson 's explanation of the "vertieal electrical position."
The limits of rotation used in these photographs were found in patients with ventricular hypertrophy, and are probably in excess of those found in normal adults. Grant's precise studyo of the anatomic position of the heart in adults showed considerably less rotation in the frontal plane than occurred in our croup, and he found "no instances of significant rotation of the heart around its longitudinal axis." Thus, the explanation of electric position based upon anatomic rotations is without logical foundation, either in normnal subjects or in patients with ventricular hypertrophy.
*IIi the average position, the septal plane intersected the thorax between electrode positions V4 anlid V5. With maximal clockwise rotation around the longitudinal axis, the heart tended to rotate to the right in the transverse plane, and therefore caused the intersection of the septal plane to lie farther to the right in these circumstances.
Circulation, Volume XXIII, January 1961 Figure 3 Model of a normal human heart, with maximal rotation in a clockwise direction in both frontal plane and around the longitudinal axis, comparable to Wilson's "vertical electrical position." The right ventricle is white, the left black. Photograph on the left "sees" the heart from the midline at the 4th intercostal space. Photograph on the right "sees" the two ventricles from the left shoulder; i.e., aVL position. Even under these extreme rotations aVL fails to "see" more of the right lentricle than left.
"Electrical positions," in conclusion, have no sound theoretical basis, are subject to the limitations of both dipole and unipolar theory and lack the quantitative advantage of Einthoven 's mean electrical axis.26 It is more logical, and direct, to describe the orientation in space of the heart's electromotive force in terms of right or left, anterior or posterior, and superior or inferior. Definition of the normal should be derived from statistical analyses and expressed in percentiles or standard deviations of normal, as has been done for other biologic variables such as height and weight.
Summary
Anatomic orientation of the heart was determined in 53 patients by selective, biplane Circulation, Volume XXIII, January 1961 ailgiocardiography, and was compared with the mean electric axis and the location of the transition zone from conventional electrocardiograms. No significant correlation could be demonstrated between (a) the anatomic axis and the electric axis in the frontal plane, or (b) between the electric axis and rotation of the heart about its longitudinal axis, or (c) the location of the interventricular septum and the transition zone of the precordial leads.
The electric variations are greater than can possibly be explained by known rotations of the heart about any anatomic axis.
The degrees of rotation about the heart's longitudinal axis assumed in the concept of " electrical positions " is beyond the range found in normal or hypertrophied hearts.
It is concluded that the electric positions of the heart should be abandoned in favor of direct description in three dimensions of the orientation of the mean electromotive force of the heart. Normal limits should be defined in percentiles or standard deviations.
